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World’s biggest driver of extinction = agriculture

Ceballos, 2016, Maxwell et al., 2016, Threatened Species Senate Submission, 2018, Bar-On et al., 2018; Waldron et al. 2017

Huge challenge to integrate agricultural production & biodiversity

60%

36%

4%
Livestock

Humans

Native mamals

…..agriculture



Impact on the land

• 2.9 billon ha arable land is degraded (bigger than 
Russia)

• Impacts > 3.2 billion people

• $14 trillion to fix – 2/3rd US GDP

• Oceania – 360m ha degraded (arable) land

• > 6 billion trees removed from MDB

IPBES, 2018, Gibbs and Salmon, 2015, Crouzeilles et al., 2019; Walker et al. 1993



Temperate woodlands among the world’s 
most extensively altered ecosystems



Many woodland bird species in serious decline

• 95-99% of many woodland 
types cleared

• Some forecasts have 50% of 
woodland birds lost by 2050

• Woodland bird assemblages 
often dominated by large birds 
(Noisy Miner effect)



www.sustainablefarms.org.au

@SusFarms_ANUSustainable 
Farms



Sustainable Farms Project Area





23 years – 838 sites, varying in condition 
& management

Mixed farming landscapeTree planting Protecting remnant trees

Enhancing remnants with plantings Protecting waterways Remnant paddock trees



Sustainable Farms Projects to Improve Natural Assets on 
Farms



Biodiversity data

Vegetation:
- Plant species richness
- Vegetation structure
- Tree inventory
Animals:
- Birds
- Reptiles
- Mammals
Habitat attributes:
- Hollow trees
- Bare ground
- Rocky outcrops
- CWD
- Litter layer
- Area of woody vegetation



TEMPORAL TRENDS IN 
WOODLAND BIRDS



General trends
• South West Slopes 2002-2021
• 203 sites
• 30 of 108 species declined – Dusky & masked 

Woodswallow, Eastern Yellow Robin, Black-chinned 
Honeyeater, Hooded Robin

• 14 of 108 species increased
• Small-bodied birds increased – especially in plantings
• Common birds declined 
• Many rarer species increased – including Diamond Firetail





Some winners…..



Increaser Decreaser





DIFFERENT GROWTH TYPES ARE 
DIFFERENT HABITATS FOR DIFFERENT 

SPECIES OF BIRDS



Growth types

Old Growth 
Natural regrowth

Coppice regrowthPlantings

Old Growth



Growth forms are different habitats

Clear difference (P < 0.05) in the bird 
assemblage between vegetation growth 
forms.

Distribution of birds
• 25/90 species in seedling regrowth
• 20/90 species in coppice regrowth
• 15/90 in old growth

Lindenmayer, Northrop-Mackie, Montague-Drake, Crane, Michael, Okada & Gibbons (2012) PLoS One, 7(4).



Seedling Regrowth Species

Black-chinned Honeyeater 
(13%)

Brown Treecreeper (43%)

Crested Shrike-Tit (25%)

Buff-rumped Thornbill (9.5%)

Eastern Yellow Robin (6.5%)

Grey-crowned Babbler (9%)



Old Growth Species

Cockatiel (16%)
Common Starling (70.5%)
Eastern Rosella  (88%)
Galah (93.5%)
Laughing Kookaburra (52%)
Little Corella (10.5%)
Noisy Miner (79%)
Striated Pardalote (77%)
Sulphur-crested Cockatoo (42%)

Lindenmayer, Northrop-Mackie, Montague-Drake, Crane, Michael, Okada & Gibbons (2012) PLoS One, 7(4).



Non-inter-changeability

Planting is important but not at the expense of old 
growth or regrowth woodland 

Offsets implications

Need to have portfolio of different vegetation 
assets

Lindenmayer et al., (2012). PLOS One 





What makes a good 
planting?



What makes a good planting? a good 
planting ...

• Location (gullies) - 3.2 bird species 
increase cf midslopes & ridges

• Size – increased richness but not as 
important as context

• Shape (block/strip) - important for 
some species 

• Contains logs, large old trees, 
dams, understorey, mistletoe

• Fenced and not grazed





HOW DO PLANTINGS CHANGE OVER TIME?



How do birds in plantings change over time?

Species richness does not change over time in spring 

Species richness increases with time in winter (extra 
species on average every 7 years)

BUT composition of the bird assemblage changes 
massively over time



Key results
• Species colonise
• Species drop out
• Species replaced
• Older plantings = migratory species
• Links with bird size and vegetation (which also 

changes thru time)
• Wider plantings do better – but narrow ones catch up 

after 15+ years



Changes in plantings over time



Individual species responses



Length of bars = size of change
Red = increase with planting age
Blue = decrease with planting age





Plantings, biodiversity 
and grazing



Plantings, biodiversity and grazing

Grazed vs ungrazing plantings over time

As plantings age = loss of fences/or removed

Grazing alters leaf litter & midstorey cover

Path analysis = negative impacts on birds

Avoid grazing plantings

Lindenmayer et al. (2018) (Restoration Ecol) doi: 10.1111/rec.12676
Esther Beaton







Climate, weather, plantings 
and resilience





Plantings as critical refugia for birds

Small bird species (+ species of conservation 
concern) = plantings

Plantings = drought refuges; but +ve effects not 
seen in mesic periods





Tackling despots – using trees 
not guns



Plantings & key threatening processes

Noisy Miner
Hyper-aggressive native species
Listed as a KTP in woodlands
Long-term data - replantings with 
understorey = few miners
Understorey interventions = drives down 
Miners over time – takes > 8 years

Lindenmayer et al. 2010 (Biol Cons); Lindenmayer et al. 2018 (Rest. Ecol)



Woodland enhancement = less Miners

Lindenmayer et al. 2010, Biol. Cons,      Lindenmayer et al. 2018 Austral Ecol. 



The Noisy Miner does not act alone

• Species co-occurrence patterns
• Grey & Pied Butcherbirds=few effects in isolation
• Strong synergistic effects when with NM
• Combined effects strongest on small birds
• Effects reduced when high midstorey cover







Bird breeding success

49



Bird breeding success

• Ph.D led by Donna Belder
• Related work after NM “removal” in Ph.D by Richard Beggs
• Most studies are occurrence-based, not demography-based
• Plantings are not ecological traps or population sinks
• Small plantings and remnants are valuable breeding habitat
• Some species forage across multiple separate plantings 

(Wrens & Wagtails) 





Nest box studies

Two main projects 
•Nest boxes in remnants & plantings –
connected or not

•Nest boxes as an offset for the Hume 
Highway





Nest boxes in plantings





Nest Box results in woodlands

• Adds Brushtail Possum & Ringtail Possum
• Mostly reinforces already common species
• Better in connected versus isolated patches
• Plantings have higher nest box use (fewer hollows 

as alternative)
• Almost no records of threatened woodland birds



Nest Box results in woodlands

Key issue = create tailored-designed boxes 
for particular species

Lots of pest issues - bees and starlings









A sad saga
• Poorly designed
• Lots of pests
• Common species 
• Almost no threatened species
• Badly attached
• Many fallen down within a year or so…



Think about proper offsets



EFFECTIVENESS OF INTERVENTIONS



Did my intervention work?

• Western Murray
• Started in 2008 – 104 sites
• Long-term management interventions in incentive scheme
• Fencing/weed+grazing control/planting
• TSR vs long-term intervention vs short-term intervention 

vs business as usual
• Black Box/Grey Box/Boree/Sandhill woodland





Top: Location of the study area in the Murray catchment. 
Bottom: Long-term conversion site. Triangle is a production site, square is a short-term 
conversion site, circle is a long-term conversion site, cross is a Travelling Stock Route.



Past monitoring published in 2012





Vegetation drivers of bird response

Native shrub ground cover (positive)

Native plant species richness (positive)

Percentage overstorey regeneration (positive)

Percentage of bare ground (negative)



Key findings

Intervention changes vegetation
Vegetation affects birds
Small woodland birds benefit most
Yes – the intervention worked



Links between vegetation 
change & biodiversity change



Dave Smith

Jennie Stock



Temporal trend patterns & scale 
effects

21 bird surveys (2000 – 2022) from 650 sites 
(2 ha)

Sites nested within 46 farms (1,000 ha).

Farms nested within 26 landscapes (10,000 
ha).

Veg cover varied from 4-34% landscape.



Increasing vegetation cover = increasing 
bird species richness

Vegetation cover has high explanatory power

+veg cover effects (e.g. Brown Treecreeper);
-ve veg cover effects (e.g. Common Starling)

This occurs at all spatial scales

Value of working to increase veg cover at all scales

Cunningham et al. (2014a, 2014; Ecol. Apps; Diversity & Distributions)



Overall bird species richness per landscape and % 
native vegetation cover [an increase of 4.4 species 
(3.8-6.2) by doubling % vegetation cover] 



Predictors

• Different scales of predictors

• Climatic/weather data (background)

• Main Predictors (user defined)
• Region
• Rainfall in previous 12 months
• Woody vegetation (500m & 3km buffers)
• Presence of Noisy Miners
• Remnant/Planting





Bird Surveys
Data on environmental indicators

Statistical modelling

First version of webtool

Workshops and consultations

Expert digital designers













https://sustfarm.shinyapps.io/BirdCast/

Developed by Kassel Hingee and Martin Westgate



Some summary points

• Huge areas of woodland lost/degraded
• Many woodland birds declining
• But some are increasing – especially planting-associated birds
• Different vegetation types = different species
• Must have a portfolio of vegetation assets on a farm

• Plantings are valuable – species in them change over time
• Plantings are critical drought refuges
• Don’t graze plantings



Some summary points

• Incentive schemes can be successful
• Be careful with some interventions – like nest 

boxes
• Maintain long-term monitoring – it’s the only 

way to generate these key insights
• More work to do……
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